Abstract: Underground Coal Gasification (UCG) is a technique to recover coal energy in the form of gas in the surface by burned and gasified in an underground coal seam abandoned for either technical or economic reasons. The product gas consists of several combustible gases: carbon monoxide, hydrogen, methane, and other hydrocarbon gases. Recently, this technology is focused as a clean coal technology to recover unused coal resources without environmental impacts. However, it might be difficult to adopt conventional UCG systems in Japan because of geological conditions that are complicated by the existence of faults and folds. Therefore, an alternative UCG system, compact, safe, and highly efficient have to be introduced. In this study, UCG model experiments were conducted for two UCG system, linking method (a conventional UCG system) and co-axial method (an alternative UCG system), by using artificial coal seam whose size was 0.550.602.74 m made by crushed coal. Three types of model experiments, test 1 (linking method), test 2 (linking method), and test 3 (co-axial method), were carried out. In test 1 and test 2, the average calorific value of product gas was 6.79 MJ/Nm 3 and 8.25 MJ/Nm 3 , respectively, whereas in test 3, the value was 4.85 MJ/Nm 3 . Additionally, gasification zone of co-axial method is smaller than that of linking method. These results demonstrate that co-axial UCG system needs more consideration to improve the quality of product gas and gasification zone.
Introduction


Coal is a fossil fuel used all over the world as a primary energy. This resource has advantages compared with other fossil fuels: much reserves, uneven distribution in various parts of the world, and low price. On the other hands, the environmental issues such as air pollution and global warming are suspected attributable to carbon dioxide (CO 2 ) generated when the coal is burned. As a result, the development and diffusion of clean coal technologies (CCT) are promoted to mitigate CO 2 emission from a use of coal: technical development of improving use efficiency and carbon capture storage (CCS).
Japan uses 170 million tons of coal annually. Annual coal production is only 1.3 million tons and most of coal is imported from abroad countries. Most of coal mining in Japan was closed by 2001 because of complicated geological conditions for mining development and high price of domestic coal. However, there are still abundant unused coal resources not able to recover due to these technical and economic reasons in underground. The amount of coal resources is estimated 30 billion tons in Japan, and 15 billion tons of the coal present in Hokkaido. A technology of Under Coal Gasification (UCG) has a great potential to recover the energy from these coal resources.
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Results
In test 1 ( 1) and test 2 1), the gasifi well though Table 1 Fig. 9(a)-(c) hours elapsed from the starting test 3 whereas the process continues over 40 hours in test 1 and 2. This is due to the difficulty to expand the gasification zone in co-axial UCG system. According to Fig. 8 and 9 , it can be understood that the gasification zone is limited near the co-axial well and smaller than that of linking method (test 1 and 2). Therefore, the method to expand the gasification zone have to be considered to improve the efficiency of co-axial UCG system as a future task.
Conclusion
UCG has a great potential to recover the unused coal resources which are not able to recover by conventional mining technique due to technical and economic reasons. Co-axial UCG system with compact, safe, and highly efficient is a useful technique to adopt under the geological conditions that are complicated by the existence of faults and folds.
The duration time of gasification process for co-axial method is shorter than that of linking method. Additionally, the calorific value of production gas is lower in co-axial method. According to the results of AE source locations and temperature profiles, it can be understood that the gasification zone of co-axial method is limited near the co-axial well and smaller than that of linking method. It is necessary to study the improvement techniques to expand gasification zone in co-axial UCG system such as improving the permeability of coal artificially and increasing the pressure of gasifier as future studies.
